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Introduction
It has long been known that the nucleon is not a point-like object, but in fact is composed of quarks and gluons. However, many questions still remain, such as how are these constituents distributed inside the nucleon? And how do they combine to produce its experimentally observed properties? For example, experimental results revealed that the quark spin contribution to the spin of the proton is only about 30%. This was originally termed the "spin crisis", however this quickly became more of a "spin puzzle" as it was observed that quark orbital angular momentum and gluon angular momentum would also contribute to the total spin of the proton, although the exact decomposition remains unclear. Given this observed suppression of the quark spin content of the proton, an interesting quesion to ask is whether or not this is a property unique to the nucleon, or a univeral feature of all hadrons.
Hence understanding how the nucleon and other hadrons are constructed from their quark and gluon constituents remains one of the most important and challenging questions in modern nuclear physics. The study of the electromagnetic (EM) properties of hadrons, to cite another example, provides important insights into the non-perturbative structure of QCD. The EM form factors reveal information on the internal structure of hadrons including their size, charge distribution and magnetisation. While only a few hyperon properties have been determined experimentally (e.g. for the electric charge radii, only p, n, Σ − have been measured), on the lattice they should (in principle) be easier to calculate than nucleon observables due to the presence of the heavier strange quark.
Lattice simulations have the potential to provide insights into the charge and magnetic distribution of hyperons as well as the role of SU(3)-flavour symmetry breaking in these distributions, which experiment cannot currently provide. These are of significant interest as they provide valuable insights into the environmental sensitivity of the distribution of quarks inside a hadron. For example, how does the distribution of u quarks in Σ + change as we change the mass of the (spectator) s quark? Simulations can also provide insights into the role of hidden flavour (e.g. strangeness in the proton) [1, 2] . However, while the EM form factors of the nucleon have received a lot of recent attention in lattice simulations (see, e.g., [3] for a review), the investigation of the hyperon EM form factors has so far received only limited attention [4, 5] .
Lattice simulations are currently performed in the isospin-symmetric limit (m u = m d ) (see [6] for recent progress in isospin-breaking effects). However, QCD is flavour-blind, so we could think of the s quark as a very heavy d quark and compare lattice results for Σ + (uus) with the proton (uud) to gain an idea of the implications for isospin-breaking. This idea has already been explored in the context of the first lattice determinations of charge-symmetry violation in moments of spinindependent [7] and spin-dependent [8] parton distribution functions.
Semileptonic form factors of the hyperons provide an alternative method to the standard K 3 decays (see e.g. [9] ) for determining the CKM matrix element, |V us |. Earlier quenched and N f = 2 results for Σ − → n ν and Ξ 0 → Σ + ν can be found in [10, 11] , while more recent N f = 2 + 1 results have been obtained in [12] .
In this talk we present preliminary results from the QCDSF/UKQCD Collaboration for the octet hyperon electromagnetic and semileptonic decay form factors, as well as their axial charges, determined from N f = 2 + 1 lattice QCD. 
Simulation Details
Our gauge field configurations have been generated with N f = 2 + 1 flavours of dynamical fermions, using the tree-level Symanzik improved gluon action and nonperturbatively O(a) improved Wilson fermions [13] . We choose our quark masses by first finding the SU(3) flavoursymmetric point where flavour singlet quantities take on their physical values, then varying the individual quark masses while keeping the singlet quark mass m q = (m u +m d +m s )/3 = (2m l +m s )/3 constant [14] . We have generated a large set of ensembles of varying quark masses and volumes at β = 5.50, corresponding to a lattice spacing, a = 0.078(3) fm, where we have used the average baryon octet mass, X N , to set the scale [15] . We are now in the process of generating configurations at additional lattice spacings to enable the continuum limit to be taken. The results presented in this proceedings are obtained on a subset of the complete set of ensembles. A summary of the parameter space spanned by our dynamical configurations can be found in Table 1 . More details regarding the tuning of our simulation parameters are given in Refs. [14, 15] .
In this preliminary work, we will not study systematic errors such as potential contributions of disconnected diagrams, excited state contamination or discretisation effects. However, we hope that these effects are likely to be similar for different members of the baryon octet and so perhaps are not relevant for our investigation of SU(3)-breaking effects.
Electromagnetic Form Factors
On the lattice, we determine the form factors F 1 (q 2 ) and F 2 (q 2 ) by calculating the following matrix element of the electromagnetic current
where u(p, s) is a Dirac spinor with momentum p, and spin polarisation s, q = p − p is the momentum transfer, M B is the mass of the baryon B, and j µ is the electromagnetic current. The Dirac (F 1 ) and Pauli (F 2 ) form factors of the proton are obtained by using j 
If one is using a conserved current, then (e.g. for the proton) F (p)
e (0) = 1 gives the electric charge, while G of q, so it is not possible to extract a value for F 2 at q 2 = 0 directly from our lattice simulations.
Hence we are required to extrapolate the results we obtain at finite q 2 to q 2 = 0. We perform dipole fits F(q 2 ) = F(0)/(1 − q 2 /M 2 ) 2 to F 1 and F 2 , although it was found in [16] that F 1 (q 2 ) and F 2 (q 2 ) are better described by the ansätze F 1 (q 2 ) = F 1 (0)/(1 + c 12 q 2 + c 14 q 4 ), and F 2 (q 2 ) = F 2 (0)/(1 + c 12 q 2 + c 16 q 6 ). This will be explored in future work.
Form factor radii, r i = r 2 i , are defined from the slope of the form factor at q 2 = 0. In this talk, we are primarily interested in searching for any SU(3)-flavour breaking effects in the octet hyperon form factors. Fig. 1 shows the Dirac radii, r 2 1 , of the proton and Σ + . This example is interesting as they are both charge +1, contain 2 up quarks, and one charge −1/3 quark. In the case of the proton this singly-represented quark is a light down quark, while in the Σ + it is a heavier strange quark. Starting from the SU(3)-symmetric limit where the p and Σ are degenerate and hence have the same charge radius, we see similar quark mass behaviour, but interestingly, we find the charge radius of the Σ + to be slightly larger than that of the proton. Fig. 2 shows the magnetic moments of the Σ − and Ξ − hyperons. These baryons are both charge −1, and contain three charge −1/3 quarks. In the case of the Σ − this is 2 light and one strange, while in the Ξ − this is reversed. In the plot we see that the baryons have degenerate magnetic moments in the SU(3)-flavour limit, but as we change the quark masses and approach the physical point, denoted by the vertical dashed line, we observe a definite splitting between the two magnetic moments, with the ordering in agreement with experiment.
Hyperon Axial Charges
Hyperon axial charges are important for a low-energy effective field theory description of octet baryons. In the SU(3)-flavour limit, the hyperon axial charges are described by two low energy constants, F and D, e.g.
where in our notation, the initial and final baryon states are given as a superscript, so the standard nucleon axial charge is denoted, g NN A , while the axial charge relevant to the Ξ → Σ semileptonic decay (see next section) is denoted, g ΞΣ A . The F and D constants, which describe all hyperon axial charges, enter the chiral expansion of every baryonic quantity, e.g. masses. Despite this, they are poorly determined. Quark models, chiral perturbation theory, large-N c and fits to hyperon beta decay give a range of results [17, 18, 19] , F ≈ 0.3 − 0.5, D ≈ 0.6 − 0.8. Since we are interested in SU(3)-flavour breaking effects, we will be looking for deviations from the expressions in Eq. (4.1). We have recently worked out the SU(3)-flavour breaking effects in baryon matrix elements up to NLO [20] which can be used to fit lattice results once a sufficient collection of axial charges is available. Here we will investigate only a couple of axial charges.
The first quantity we will consider is the ratio g A / f π , as proposed in [21] , as it is naturally renormalised and has reduced finite size and discretisation effects. In Fig. 3 we compare our N f = 2 + 1 results from the current work with the N f = 2 results from [21] and we find excellent agreement, with a smooth trend towards the physical point.
It is long known that intrinsic quark spin contributes only about 33% of the total spin of the proton. In Fig. 4 we look for signs of similar spin suppression in other hyperons by considering the ratio of the total connected quark contribution to the Σ and Ξ spins to that of the proton. This idea was first proposed in [22] using some of our earlier results from [8] . Our new results exhibit similar findings, namely that the total connected quark spin contribution in the Σ is similar to that of the proton, while a larger fraction of the Ξ baryon spin comes from the quark spin. Hence this is a clear indication that quark spin suppression in hadrons is not universal.
Hyperon Semileptonic Form Factors
Semileptonic form factors of the hyperons provide an alternative method for determining the CKM matrix element, |V us |. This is done by using the experimental value for the decay rate of the hyperon beta decays, B → b ν, to obtain the combination
Hence for a determination of |V us |, we need to know the vector and axial form factors, f 1 (q 2 ) and g 1 (q 2 ), at zero momentum transfer (q 2 = 0). The vector and axial matrix elements for SU(3)-octet baryon semileptonic decays are each given in terms of 3 form factors: vector ( f 1 ), weak magnetism ( f 2 ), induced scalar ( f 3 ), axialvector (g 1 ), weak electricity (g 2 ) and induced pseudoscalar (g 3 ) (see e.g. [11] ). For a lattice calculation of hyperon beta decays, it is useful to define the scalar form factor f 0 (q
, which can be obtained at q 2 max = (M B − M b ) 2 with high precision [23] . Interpolating lattice results obtained at finite q 2 values to q 2 = 0 leads to the desired result f 0 (0) = f 1 (0). To reduce the systematic error involved in this q 2 interpolation, it has been shown that twisted boundary conditions greatly help in the context of K 3 decays [24, 25] . For some of our ensembles, we have implemented this technique for hyperon semileptonic decays in order to assess their effectiveness.
In Fig. 5 we present some results for f 0 (q 2 ) for the Σ − → n ν decay from a 32 3 × 64 lattice with m π ≈ 340 MeV. The red circles indicate results obtained using only Fourier momenta, while results obtained using twisted boundary conditions are given by blue squares. We zoom into the region of interest around q 2 = 0 in the insert, where we see that our choice of twists enable us to obtain a result directly at q 2 = 0.
After interpolating f 0 (q 2 ) to q 2 = 0, we investigate the quark mass dependence of f 0 (0) in Fig. 6 and compare our result to the extrapolated result from [12] . Although we haven't yet performed our chiral extrapolation, we will complete this soon in the context of SU(3)-flavour breaking expansions [20] .
